A Gram-stain-negative, aerobic, rod-shaped bacterium motile by means of a single polar flagella, strain T , was isolated from a brown alga (Sargassum thunbergii) collected in Jeju, Republic T and the type strains of two species of the genus Shewanella were <22.6 %. The major cellular fatty acids (>5 %) were summed feature 3 (comprising C 16:1 !7c and/ or iso-C 15:0 2-OH), C 16:0 , iso-C 13:0 and C 17:1 !8c. The DNA G+C content of strain ST-6 T was 42.4 mol%, and the predominant isoprenoid quinones were menaquinone MK-7 and ubiquinones Q-7 and Q-8. On the basis of its phenotypic properties and phylogenetic distinctiveness, strain T is considered to represent a novel species of the genus Shewanella, for which the name Shewanella algicola sp. nov. is proposed. The type strain is ST-6 T (= KCTC 23253 T = JCM 31091 T ).
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The genus Shewanella was proposed by MacDonell & Colwell (1985) , affiliated with the family Shewanellaceae (Ivanova et al., 2004a) in the class Gammaproteobacteria.
At the time of writing, this genus comprises 62 recognized species (http://www.bacterio.cict.net). Members of the genus Shewanella are widely distributed in marine environments including seawater (Makemson et al., 1997; Brettar et al., 2002; Park et al., 2009; Sung et al., 2012) , sediment (Venkateswaran et al., 1999; Toffin et al., 2004; Gao et al., 2006; Chang et al., 2008; Pankaj et al., 2011; Kim et al., 2012; Yoon et al., 2012) , tidal flats (Yoon et al., 2004 Park & Jeon, 2013) , marine invertebrates (Ivanova et al., 2004b; Lee et al., 2006; Yang et al., 2006) and fish (Satomi et al., 2006 (Satomi et al., , 2007 , and Antarctic sea ice (Bowman et al., 1997; Bozal et al., 2002 Bozal et al., , 2009 , and some species are found in activated sludge (Xu et al., 2005) and clinical samples (Brink et al., 1995; Debois et al., 1975; Holmes et al., 1975; Nozue et al., 1992) .
Strain ST-6 T was isolated during an investigation of marine bacterial diversity in algae, and was isolated from a brown alga sample of Sargassum thunbergii collected from the coast of Jeju Island, Republic of Korea. The sample was homogenated with sterile seawater, and isolated using a standard dilution plating technique on marine agar 2216 (MA; BD Difco) followed by incubation for 7 days at 20 C. After primary isolation and purification, the strain was cultivated at 20 C on the same medium and was preserved in marine broth (MB; BD Difco) containing 20 % (v/v) T were used as reference strains for phenotypic tests and DNA-DNA hybridization.
Genomic DNA of strain T was extracted and purified according to a modification of the method described by Wilson (2001) . The 16S rRNA gene was amplified using universal primers 27F and 1522R (Weisburg et al., 1991) ,
The GenBank/EMBL/DDBJ accession number for the 16S rRNA and gyrB gene sequences of Shewanella algicola T are FJ903681 and KP748519. and the gyrB gene (encoding subunit B of DNA gyrase) was amplified with primers UP-1 and UP-2r as published by Yamamoto & Harayama (1995) . The PCR product was cloned using the TOPO cloning kit (Invitrogen) and sequenced by the Genotech (Korea). The nearly complete nucleotide sequences of the 16S rRNA (1465 bp) and gyrB (1259 bp) genes were then compiled by using SeqMan software (DNASTAR). Sequence similarity was searched by NCBI blast and calculated by pairwise alignments obtained from the EzTaxon-e server (Kim et al., 2012) . The sequences were aligned using CLUSTAL X version 1.83 (Thompson et al., 1997) . Alignment gaps and ambiguous bases were removed prior to phylogenetic analysis using the BioEdit program (Hall, 1999) . Phylogenetic trees were reconstructed using the neighbour-joining (Saitou & Nei, 1987) , maximumlikelihood (Felsenstein, 1981) and maximum-parsimony (Kluge & Farris, 1969) methods in the MEGA 6 software (Tamura et al., 2013) . The resulting tree topologies were evaluated by a bootstrap analysis (Felsenstein, 1985) based on 1000 resamplings. DNA-DNA hybridization was performed fluorometrically by the method of Ezaki et al., (1989) Cell morphology was examined by light microscopy (ECLIPSE 80i; Nikon), scanning electron microscopy (SIE-3000M; SEC) and transmission electron microscopy (SUPRA VP55; Zeiss) with cells grown on MA for 2 days at 20 C. Flagellation was determined from transmission electron micrographs of cells negatively stained with 1 % (w/v) uranyl acetate, and grids were examined after being airdried. The Gram reaction was performed by using the bio-M erieux Gram stain kit according to the manufacturer's instructions. Cell motility was investigated by the development of turbidity throughout a tube of semi-solid medium (Bowman, 2000) . Growth at various temperatures (4, 10, 15, 20, 25, 30, 35, 37, 40 and 45 C) was tested on MA for up to 2 weeks. The pH range for growth was determined in MB adjusted to pH 4.0-11.0 (in increments of 0.5 pH units) by the addition of sodium acetate/acetic acid and sodium carbonate buffers. Salt tolerance was examined on Zobell agar medium (Zobell, 1941) supplemented with 0-8 % (w/v, at intervals of 1.0 %) NaCl. Growth under anaerobic conditions was investigated after incubation for 4 weeks on MA in the AnaeroPack system (Oxoid). Catalase activity was determined by bubble production in a 3 % solution (v/v) of hydrogen peroxide, and oxidase activity was tested by using oxidase reagent (bioM erieux). Hydrolysis of CM-cellulose, casein, starch and Tweens 20, 40 and 80 was investigated on MA using the substrate concentrations described by Smibert & Krieg (1994) . DNase activity was examined using DNase test agar (Difco) prepared with artificial seawater (ASW), prepared according to the formula of Bruns et al. (2001) . Utilization of various substrates, enzyme activities and other biochemical properties were determined by using the API 20E, API 20NE and API ZYM systems (bioM erieux), and carbon source utilization was evaluated by using a GN2 MicroPlate (Biolog), according to the manufacturers' recommendations. All commercial phenotypic tests were inoculated with cells suspended in ASW. Susceptibility to antibiotics was tested at 20 C for 2 days on MA plates using antibiotic discs (BBL) containing the following: ampicillin (10 µg), cefalotin (30 µg), chloramphenicol (30 µg), gentamicin (10 µg), erythromycin (15 µg), kanamycin (30 µg), lincomycin (2 µg), neomycin (30 µg), novobiocin (30 µg), penicillin G (10 IU), polymyxin B (300 IU), streptomycin (10 µg) and tetracycline (30 µg).
Comparative fatty acid analysis was performed on strain T and the two reference strains S. basaltis KCTC 22121 T and S. gaetbuli KCTC 22431 T , cultivated on MA at 20 C for 2 days. Cells were saponified, methylated and extracted according to the standard protocol of the Sherlock Microbial Identification System (MIDI; version 6.1). Fatty acids were analysed by gas chromatography (Agilent) and identified using the TSBA6 library database of the Microbial Identification System (Sasser, 1990) . Analysis of the respiratory quinones and DNA G+C content were performed by a service of the Korean Culture Center of Microorganisms (KCCM; Republic of Korea), using reverse-phase HPLC (Tamaoka & Komagata, 1984) . The polar lipids of strain T and the two reference strains were extracted by using the procedure described by Minnikin et al. (1984) and analysed by two-dimensional TLC with the appropriate detection reagents (Minnikin et al., 1984; Komagata & Suzuki, 1987) . The plate dotted with sample was subjected to twodimensional development with the first solvent chloroform/ methanol/water (65: 25: 4, by vol.) followed by the second solvent chloroform/methanol/acetic acid/water (85: 12: 15: 4, by vol.). Individual polar lipids were identified by spraying with molybdophosphoric acid, ninhydrin, Zinzadze and a-naphthol reagents and through co-migration with authentic standards (Minnikin et al., 1984; Komagata & Suzuki, 1987) .
Sequence comparisons with 16S rRNA gene sequences showed that strain T was most closely related to S. basaltis J83 T (97.4 % sequence similarity), S. gaetbuli TF-27 T (97.0 %), S. arctica IT12 T (96.9 %), S. vesiculosa M7 T (96.9 %) and S. aestuarii SC18 T (96.9 %). Phylogenetic analyses based on the 16S rRNA gene sequence revealed that strain T was affiliated with the genus Shewanella and formed a robust cluster with S. basaltis J83 T (Fig. 1) . The overall topology of the trees reconstructed using the ma ximum-likelihood and maximum-parsimony algorithms was essentially the same as that of the neighbour-joining tree. In the phylogentic tree based on gyrB gene sequences (Fig. S1 , available in the online Supplementary Material), strain T had the highest sequence similarity to S. Shewanella olleyana ACEM 9 T (AF295592)
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Vibrio cholerae T and the type strains of the most closely related species of the genus Shewanella. Filled circles indicate generic branches that were also recovered by using the maximum-likelihood and maximum-parsimony algorithms. Bootstrap analyses were performed with 1000 repetitions; only values^50% are shown. GenBank accession numbers are given in parentheses. Bar, 0.05 substitutions per nucleotide position.
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T represents a novel species of the genus Shewanella. DNA-DNA hybridization experiments were performed to determine the genetic relationship between strain ST-6 T and S. basaltis KCTC 22121 T and S. gaetbuli KCTC 22431 T , the closest relatives based on 16S rRNA gene sequence similarity. Strain T exhibited mean DNA-DNA relatedness values with S. basaltis KCTC 22121 T (22.6 %) and S. gaetbuli KCTC 22431 T (19.2 %) of well below the threshold value (70 %) recommended by Wayne et al. (1987) for the definition of members of a species.
Cells of strain ST-6
T were Gram-stain-negative, aerobic, rod-shaped and motile with a single polar flagellum (Fig.   S2 ). Colonies were pale pink, smooth, convex and circular, approximately 1.0-2.0 mm in diameter after growth for 2 days at 20 C on MA. Growth occurred at 4-30 C (optimum 20 C) and at pH 6.0-10.0 (optimum pH 7.5). No growth occurred under anaerobic condition on MA. The phenotypic and chemotaxonomic characteristics that differentiate strain T from related species of the genus Shewanella are given in Table 1 and in the species description below.
The major fatty acids (>5 % of the total) of strain ST-6 T were summed feature 3 (comprising C 16:1 !7c and/ or iso-C 15:0 2-OH) (34.3 %), C 16:0 (12.5 %), iso-C 15:0 (12.1 %), Growth at/with:
iso-C 13:0 (7.5 %) and C 17:1 !8c (6.1 %). The complete fatty acid profile of strain ST-6 T is given in Table 2 in comparison with those of the most closely related species of the genus Shewanella. The predominant isoprenoid quinones of strain T included both menaquinone (MK-7) and ubiquinone (Q-7 and Q-8). The isoquinones were in accordance with those of other members of the genus Shewanella (Venkateswaran et al., 1999; Yoon et al., 2004 Yoon et al., , 2012 Gao et al., 2006; Lee et al., 2006; Sung et al., 2012; . The DNA G+C content of strain T was 42.4 mol %, which fell within the range of 41-58 mol% reported for other species of the genus Shewanella Park & Jeon, 2013) . The polar lipid profile of strain ST-6 T consisted of phosphatidylethanolamine, phophatidylglycerol, unknown aminolipid and six unknown lipids. The composition was similar to that of the two reference strains (Fig. S3) . The presence of phosphatidylethanolamine and phophatidylglycerol was consistent with analyses of other species of the genus Shewanella (Toffin et al., 2004; Kim et al., 2012; Park & Jeon, 2013) .
On the basis of phenotypic and genotypic characteristics determined in this study in comparison with those of the type strains of other species of the genus Shewanella, we conclude that strain T represents a novel species of the Cells are Gram-stain-negative, aerobic, motile by gliding and rod-shaped (0.4-0.8 m wide and 1.6-3.8 long). Colonies are pale-pink, smooth, convex, circular and 1.0-2.0 mm in diameter after growth for 2 days at 20 C on MA. The temperature range for growth is 4-30 C (optimum 20 C) and the pH range for growth is pH 6.0-10.0 (optimum pH 7.5). Growth occurs at NaCl concentrations of 1-6 % (w/v). Positive for reduction of nitrate to nitrite, catalase and oxidase activities, hydrolysis of aesculin, gelatin and starch, and H 2 S production, but negative for indole production and fermentation of glucose, arginine dihydrolase and hydrolysis of casein, CM-cellulose, DNA, urea and Tweens 20, 40 and 80. As sole carbon and energy source, utilizes caprate, D-glucose, maltose, malate and mannitol, but does not utilize adipate, arabinose, citrate, gluconate, mannose, N-acetylglucosamine or phenylacetate. With Biolog GN Microplates, oxidizes N-acetyl-D-mannosamine, adonitol, cellobiose, D-gluconic acid, malate, D-mannitol, melibiose, stachyose, D-tagatose, D-xylose, quinic acid, L-alanylglycine, L-ornithine, L-phenylalanine and L-proline; other substrates are not oxidized. In the API ZYM system, acid phosphatase, alkaline phosphatase, esterase (C4), esterase lipase (C8), lipase (C14), leucine-, valine-and cystine arylamidases, trypsin, a-chymotrypsin, naphthol-AS-BI-phosphohydrolase, a-galactosidase and a-glucosidase activities are present, but b-galactosidase, b-glucosidases, b-glucuronidase, N-acetyl-b-glucosaminidase, a-mannosidase and a-fucosidase activities are absent. The predominant isoprenoid quinones are menaquinone MK-7 and ubiquinones Q-7 and Q-8. The major cellular fatty acids (>5 %) are summed feature 3 (comprising C 16:1 !7c and/or iso-C 15:0 2-OH), iso-C 15:0 , C 17:1 !8c, C 16:0 and iso-C 13:0 . The polar lipids profile consists of phosphatidylethanolamine, phophatidylglycerol, unknown aminolipid and six unknown lipids.
The type strain, T (= KCTC 23253 T = JCM 31091 T ), was isolated from a brown alga Sargassum thunbergii collected in Jeju, Republic of Korea. The DNA G+C content of the type strain is 42.4 mol%.
